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. Provisional version of DISEDRAL. Part III 

. 

4 

Complete Chemical Graphs; Embedding Rings in Trees. 

‘-This preliminary version is-released at this time in order to 

facilitate the programming of DEKDRAL for ringed structures, in particular 

the embedding of rings in trees. 
. 

The external notation is subject to further revision, A more compact 

one can easily be devised that also provides for implicit data and mcrgcs 

some of the lists. For canonical ordering, it may be necessary to 

expand such a compact formula bock to the explicity LISP lists of the 

generator programs, for example the e-dge crunt list, path modifier list, 

and vertex modifier list could be unif icd 

For the’ purposes of this report, we focus on the internal notation and 

. the combinatorial and autonorphism problems that have to be faced by 

the generator program. Formulas will be lists that can be read by a ! 

LISP language prccessor. Note that com-nas are redundant. “.I’ is, however, 
. 

a- in’no cast the dot of a LISP dotted pair, and this character should be zz 
. . 

r 

translated ‘at input-output. 

This change of emphasis modifies some of the hier’archicsl choices, 

but none of the fundamental ideas developed in DFJDIL\L I (acyclic 
1 

molecules) and DESDP.-4L II (general survey of regular cyclic trivalent 

graphs) . 
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4 INDEX . . i . . . 

Section 3.1 is a glossary that should be consul ted together with 

Table 3.1 ‘as an authoritative definition of DEND!UL valuation. 

Section 3.2 -elaborates the completion of ring definitions as mappings 

on the nodes and edges of one of the W’s listed in Dcndral II. 

Section 3.3 specifies how rings are embedded in trees to complete the 

. . notation outlined in Dendral I. 

Section 3.4 deals with soinc problem of chirality 

Sc$tions 3.5, ff, will be completed at a later date. ---- - 
. 

They will cover sukh topics as 

. . abbreviated notati.ons for human interaction . 
‘Permanent labels and special mappings for frequently 

encountered rings 

. 
S&la1 treatment of aromaticity 
Efficient algorithism for dealing with s)mmctrics . 
Optional hicrarchics of DEU’Dk4L ckssif ication . . . - _-- Heuristic questions of plausible structures 

. . Rings with tetravalent (Spiro) vertices . . 

3,200 CANOXCAL FOiWS 
In gfxmai, the canonical choice among automorphises is the - lowest valued vector description of the structure, evaluated cell by -- --- 

cell. It is important to follox the standard hierarchy of choice, 
as given in Table 3.1. For example, 

- first, in ascending DEKDK4L order, 
the pendant radicals are listed 

before the lomst locant vector is 
selcc ted, 

This convention is consistent with DEZXUL I and facilitates 
interfacing the computer programs for iinear and cyclic DEEnFd1L. 
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RING. A molcculc r.l!licll is a pure cyclic structure, %:ith no 

. appended twigs. 
--- - --_ -.. - - . _ _ - _ _-- --- - . --, . 

* 
RINGE:D COWPO’JND . A tree, possibi.ly dcgcncs-ate, in which a ring 

is embedded, . 
/ 

R-TREE. A representation in which any ring is represented as a I 

su*eGatom. 

SUPIZATO~i. A node rcprcsenting a previously defined con~pl~ex of 
. . - 

.-’ . . . 

atoms, treated as an item by the gcncrator. , / 

VERTEX GROUP, VG, CUCICZL GMPH. An abstract, cubical (trivalent) 
I I 

grapl: 8 summarized in DEKDRAL 2, on whose nodes 2nd edges are 

mapped the vertex atoms and connecti.ng linear paths of the 
1 

. ring. 

CcJSIPOSITION. List of atoms comprising a molecule, e.g. (C3X102LJl.) i 

. -or (C3ti7SO2). 
-. 

. - R-COZ&OSITIO::. A composition in which ring atoms are rmovcd and i 
a’ 

I 

allocated to ring identifiers. In effect, the composition 
1 

.__ of an R-tree. - 

LOCAKT. An ordinal number specifying an atom or a bond in a I 
! . . 

- 

‘_ 

DIO~CCU~C for the purpose of attaching 2 radical, or substituting 
a hotcroatom 

CHIKALITY. Structural information not,given by Fhe topological - . 
: . 

connectivity. This usually concerns the orientation in space 

of tetrahedral carbon atoms with asymmetrically attached ’ . 

-.. . . 

.* 

radicals. c 
.- -. - . ..- . . 

GENEM1'02. A progr2m to generate 2 complete bu irr.edundant list 
of isomers of a given composition. J 

A particular ring system presented as if all hetcroatoms ORTfiO:4r:SH. 

. ~.. are replaced by C a tools. It is specified by a 1% plus an FXL 
. 

in canonical order, 
. -- 



GL@SStV!Y (continued) 
. J 

EDGE COUXT LIST, ECL A mapping of path length; on to the edges 

-of a VG. . 
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. 
A ring will custoaarily be defined (as a superatom) at the head 

of a formula. That is to say, the generator vi11 allocate progressively 
larger numbers of atoms to one or more rings, then build all possible 
R-trees com+tiblc with fhzt R-cokposition. This canonical sequence 
can, of course, be rearranged. for heuristic’.purposcs. 

Each prcdcfincd ring will be given an arbitrary fcmporary label, . 
x2, etc. Some rings may be permanently dcfj-ned, sIncc they occur so 

. frequently. The most prevalent c:~mplc is the aronlatic, benzene ring 
which is defined under the name Z.;‘is 

2s = ((0) 6+:0 0 1 

ZN? = ((211) (o*,. 4*, 4k) () 0) 
*. . 

- f&m 
As illustrated by this example, a ring definition will have the 

* 

xn = ((vertex ‘group) (edge count list) (vertex modifiers) (path modifiers),!, 

where x’n is the temporary label, or Zm for a permanent one. 
r- . 

. 

ORTflOEiESFi -- 

T’ne Orthozcsh consists of the VERTEX GROUP, VG, and the EI)GE COUNT 
LIST, ECL. Together these elements define a planar mesh whose shape has 
becone convent jor1alizeci by chemical usage - it corresponds to a carbocyclic 
ring system on which changes fro3 C to other atoms can be mapped by esception. 
Examples which anticipate later notation follow: 
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In 3,2 ‘1, the VG is (0), i.e., the single ring, sans vertices, 
on which is mapped a single path. 

- 

The inscribed 0 stands for the 
aromatic character of the ring, 
i.e., a path with alternating 
single and double bonds; 
c:c,c:c,c:c. 

Chemical evidence shows that in such a case, each bond is equivalent 
and has a character i.ntcrmediate between “.” and “:I’. We indicate 
this by the notation 2 which might be denoted in a radical as 
*CACACfiC:~CtiCA or implicitly as (j-2. 

More complex rings have Z(r-1) vertices, where r is the number of 
included ring units (inscribed faces) as conventionally cou~ltcd by 
chemists. Dcndral II elaborates a1J. possible ycrtex groups. The 
majority of organic ringed molcculc; fall in the catqory K=(O), and 
r h 4, v G 6 covers zs large a scope as the unpccial izcd generator 
is likely to be able to handle, These arc reproduced here for 
convcnicnce as Figure .3.21 and 3.22. 

The v vertices implied by the VG must now bc spccif icd, and then 
the 3v/2 edges whose lengths are given by the ECL. 

I 
, 

VERTEX KODIFIERS, V1.l. ,a _ - 
The EDGE COWT LIST, ECL, has a hi.ghcr pri.ority than the vertex 

modif icrs, IN, list an implied list of the vertex atoms which 
specifies (a) their’cosposition and (b) their chirality. Since the 
most usual situation is all carbons 
WC locatc&ep;ions to that standard. 

. . . ) 

. The VX list and its value is the 3-ple (vector) - 
1) the non-carboLl atozls in DEZDXAL order, expressed as a 

composition, e.g., X2, or KIL. 
2) A vertex locant list for these atoms. 
3) An explicit list of the chirality of successive vertex 

: atoms - (“.“, “+“, “-‘I, “A”) referring to “unspcc ified”, 
“&XC--itO!’ , ‘?kx~J!, “raccmic” ; see section 3.4 for dctai1.s. 

At any place, 
“unspecif icd”. 

the omission of a list or the value XL, implies 
. 

, 
. . 

. i i 
2-+ . - . 

r.- . . 
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-Tables of symmetries to elicit canonical forms will bc provided or 
can be deduced from the VG (see Figure 3.1). For the moment the simplest 
algorithm will be to try all the automorphisns exhaustively, and save only 
the-canonical rcprescntations, 

PAT11 LIST. -II . 

. (The'ring definition is now completed by mapping linear paths 

onto the edges of the VG. In taking account of the symnctrics, the sense 

tif the path must be considcrcd. Several representations arc possible; 

in ‘previous specifications, we displayed a vector of all paths in edge- 
. . 

number sequence: thus (.) (.C.C.N.) (.C.C.C.C.) for 

123 4567 

Each cd&c of a path list was mapped with a linear, tl:o-ended radical, 
I 

presented in previously defined notaticn] 

The ring atoms are all cnuk crahlc; first the vertice's, Vl, V2, . - .- 

etc., then. the path atoms in the order of their presentation in the 

formula. ** . '. 

/ 

: 

. 

t?e‘now find it more convenient and conformable to chemical 
I 

notation to map rings by exception. The path list will than consist 
. 

of 3 parts: 

ECL (already in orthomesh) 
* 

1) A vector that assigns a count to each cdp,c in scq uence. -- Each 

node is'implicitly numbered by its sequence in the formula 

PATH :!011IFII:KS PM ' 

2) A composition indicating atosls replacing the implied C's, 

. 
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. . - 
. . 
. . This includes double bonds as U's. (abbreviations are available 

, 
for aromaticity) 

-3) A locant vector for .thcse.rcplacirlC atoms and bonds 
. 

Example 3.'221 then becomes: 
. . 

. 

w%)~ U0,3,4)--N.(l))) 
. . 

. 

((ZN (($3,4)-m V/l))) 

Caution: in internal notation all bonds arc 

numbered as node-[airs. Vhcn the pair is (n,n+l) 

only the lower node need be nurnbescd in external, 

notatioil. 
. 

9 

Note: in man-machine-interaction displa-7s . , , parentheses can be replaced 
. 

by formatted labels and indentations to facilitate editing and corxnands. 

MC can visualize a displ.ay 

VG I 2hA . 

. e. .?” .- 

F 
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. Vcrtcx numbers can be replaced by arbitrary integers, e.g. numbered 

i after all the path atoms. In &his example, VlC9, V2ClO. 

s 
l 

By gi.ving the cclgc count list a higher priority than the Vl.1, 
. 

. We facilitate the storing of common OrthOill~Sh~S under a familiar 
. 

. 

I i . 

ring label. This can then be cclited there for specific 
. 

THUS, 3.2 f53can be input as r 

The chemists name for .this *is 

. 

1 

! . 
I 

c 

compounds. 

. 

. . A(l), &az&dccalin, 
1 

sink he foll.ocrs a some&t different 

be difficult to construct algorithx‘s for interconverting many DE):D!WL 

names with conventional chemical notation. 

. 

. 

. 

. 
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Example Of a complete dcfikition Wit11 CZttlOiliCFil tlUtJbC?ritlg: 

! 
‘((J+AR) (0,0,0,2&b) (l:zl) 

VG ECL VPI 

'iJ]IZH the a.rorfiai;ic ring is 
t0 

. 

I--- q 0 Embedding the ring in a tree. 
* 

The ring as now defined lnay 

i 

if 

. 

1 

PiJN 

dctectcd, this reduces 

( (‘wd (o,o, *, 2,1+9 (H,l) (SjlO) > 

. . 

bc regarded as a superatom. However, it 

will, in general, have its ohm SyiiXilCtriCS. Different locations have to . 
be indicated for attachj.ng further radicals. For example, the three 1 

I- 

amino-phenols are all special cases of 
..-. - 

We will, then.first list all of the attpchd radic’als in DENDUL 

order without’reference to position of attachment. Then we will write 

a vector of locants describing the successive positions of attachment. 

For example, , 

.+ 

. ‘. 



. . 
-- - 

. l 

3. 

- . . 
!’ \ 

. 

szny automorphisms for the locant vector. Iri this There arc, ?f course, 

example the locant vector is (1,4,3): 
. . . -- . 

Canonical Autoaorphi sms . 
1 

.Z(1,3,4)..C:N 0 . . 
I 
*. . ‘m 

I -. 
. .Z(4,1,2)..OC.N 

. . . . 
.2(3,6,5)..OC.N 

. 
etc. 

.’ 

The canonical form 

1) lists the radicals in DSI?DIUL order, the rffercnt link being implied as 

2) mong the autoxq+Gc permutations of the 1ozx-1~ selects the least vector. 

*. . . . . ..- 1 
. l . 

. 

* . 

. . 

. . . . .*. . 
_. 

. 
: .\ * . . - ‘. 

. 
. -- . . : 

. . . 
.- . 

. . . 
. . ’ : 



. 

11: . . . . 

Resolving the ambiguities of the locant vectors is again a 
messy prospect and the simpl.iest gcncral solution is to test all 
the SjTt!:ilCi:~~y operations scri.2tj.n and C@I!:;>ZlrP the 1OcaDt VCCLOYS. 
)lorc cfficicnt rules trill soon cmerp,e for the frequent cases. 
1!owcvcr, as one suggwtion, the pendant radicals might bc rcplacccl, 
during computation, by ordinal numbers in order t? simplify coxpari- . 
sons. 

h’hcn a - CUP - appears in a ring, two substitutions are possfb1.e 
at the sate path -atom. For the moment they arc not distinguished. 
Chirnlity at vcrticcs and path nodes is discussed Inter, 3.4. 

. . 
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CHIMLITY . 
12 

,1-/o For many purposes we emphasize the topological and can overlook the 

3-dimensional spatial aspects of molecular structure. In real molecules, , 

the'lengths and.rotati.ons of bonds are understood to a widely varying 

precision, and may be greatly influenced by the history, energy-state, and 

immediate context of the molecule. In this scnsc, the topological 

connectivity is only a formal representation of a genus of states which 

can sometimes be inferred from it. 
. 

However, one aspect of stereo-chcnistry generates distinctions among 

chemically stable species of very great importance, especially fo? 
. 

. biologically interesting compounds. This is chirnlitl, which rests upon 

the alternating symnetry groups of the valence bonds of the C atom. , 
The symetries of the valences of carbon. The topolopical tetrahedron 

has the symetry Sri, that is all 4!= 24 permutations of its vertices 

(table 3.4lJ. The carbon atoin bchavca, however, as a stcric tetrahedron, 

SO that two enanticzorphic, mirror images, must be distinguished for 

(C...abcd). These corresponding to odd and cvcn alternating groups (table 

3.410). 5 

We can nov regard the chirality of asyznctric carbons as a special case 
# 

of the locant fists lthich specify substitutions on superatoxs, The D: 

and L- isomers of, say, glyceraldehydc would be described (with implicit 

H's given leading locants, _r;nntra r3.ng locants) 



. $13 

In vierq of the bisection of S4 into the two b4's, even and odd respectively, 

each locant list has 12 automorphisms (table 3.401). WC can abbreviate 

C(l,2,3,4).as C(0) or "even", and C(1,2,4,3) as C(1) or "odd" respectively. 

We do not use the terms D-,L- or R-, S-, as these are based on a different 

set of rules for ordering the radicals (cf. Eliel, 1962; Prclog, 19GG). 

However, the absolute configuration is fully dcfincd in the present system, 

which lists the radicals in DEYD?>UL-hierarchical order. It is nasy to 

program a translation between thesee systems, but DEhl)PSL is prefcrrcd for 

radical-gcncratlon. The rules, which are specially adapted for 

asyminetric carbon, are: I 

1) Radicals in DEXDPAL sequence; however, 
-. 

2) The afferent link, if any, takes position 4 

3) ..Implied hydrogcns arc assigned implicit, lending locan$s 

4) &glyceraldehydc is taken as the prototype of the even-group. 

! z 

. 



. . 

: . . 

It is elementary that C(O)&(l) only tIllen the C is asymmetric, 

i.e.; the four substituents are all different. The generator program 

needs knox only this. l.Iowever, translation to D/L and R/S notation, 
. 

and conservation of chirality nay be important in analytical nanipula- 

tions and in programming stereospecific reactions. 

PATH ATOY EXTACIIXENTS 

Each H-atom of the path atoms of the pure ring is a candidate 

for rcplaccme~~t by a radical. If the path atom is a saturated C, (-(X2-), 
. . 

the two H’s are not ncce ssarily cqui.v;lcnt in chirality i.e., when the 

image of the rest o&ihe ring differs, as seen from the C atom, via the 

affcrcnt and cffcrpnt bonds. The image is obtained by cutting the bond, 

the attachment to the C is replaced by an H; the other cut edge then leads ’ , 

to a radical which can be evaluated by DEIGDRAL rules:’ Thus in 

I ! 
-- 

JhS?iXi.XII at (3), the image is (C.O.C.C.C.) afferently and C.C.C.O.C. 
. 

efferently. Hence, any difference in the fusther substituents at (3) 

will make that atom asymmetric. . 

Customary notation fails to unify the several aspects of chirality: 

asymrtctric C atoms ’ In acyciic mo1ccu1cs, ring vertices and ring path 

atoms. DEXDIUL furnishesna systematic cvaluat!on of radicals and (2) 

a convention for absolute configurnttions by the allocation of the set 
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3,q3 
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I 
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i 
! 

. - 

. of radicals to the even or odd group, respectively. 

At a trivalent ring vertex, the wzights at the C arc ordered by the 

canonical numbering of the VG cdgcs defined by the ortho!:lcsh and further 

substttuents (Paragraph 3.22-3.24) in the ring. 

The chirality of the vertices of a ring is designated by a chirnlity 

status vector displayed in the VH list. This will be a string of 0 and 1 

bits. Other characters may be used to desiSnatc "unspecified" and raccmic 

conditions (statistical mixtures). "C (0) . " can be economically replaced 

by "C+", Y(l)." by "12-'I. 

For a path atom, 11 the afferent and cffcrcnt paths in the ring count 
-/ 

s as heaviest bond; Further substituents arc then weighed as in Paragraph 

3.41. . 

CIS-TRAX TSOX"RIS!~f / . 

3 I 
+I DENDRAL notation overrides the distinctions of CIS- and trans- 

_. 
configurations of adjacent vertices in rings, which appears in customary 

nqtation. '-'ji 
In n~lcculcs of sufficient qmctry, decolin tre will find an 

r\ 
ambiguity: CIS will correspond to the chirality statui vector (10) as well 

as (01); trans to (11) or (OO), as we shall see: 

. . 

.y.-- --. . 

. 

. .’ ’ .- 

. 
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chirality at Vl: V1(1,2,3,4) . . . . 11 El E2 E3 in canonical order. TM- 

V2 will be V2 (1,2,4,3) . . . . H El E2 E3. l?c thus have Vl(0) , V2(1) or 

the status vector (01). . 

The symmetry, however, also permits the molecule to be. inverted, 
. 

i.e., ‘-(Tp 

03 ’ 

which gives the vector (10). The former ‘Is 

however ca.nonical. By a’ corresponding argument, trans-dccalin is 

‘. 
K? / 

(00) or (11)) the f crmer canonical. 

Note that the automorph’sms of vertex chirality are resolved, and the 

path numbering f ixcd , before locants arc established for path modifiers 

and appended radicals. 

: 

. CIS/TPAtqS Iso??crisn at double bonds. 

(Revision of 1 . 72) 

The same approach of producing an absolute valence assignrncnts 

can be used to describe geometrical isomerism at C = C. 

The double b$nd is taken to occupy tt:o andjacent positions of the 
b AYJHI- 

first C atom encountered, postulated as he=173 chirality status C(0). 

The second is then matched to the first. It will be C(0) or C(1) in 

an absolute, canonical description, and only one of thesc’if the 

conditions for geometric isomerisln are met. e.g. 
I(. 

’ . 

. 

. 

. . .c-.- . 

.:, 

-. 

. 

. . L  

, . 

. 
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Hexagonal rings often adopt a cFlain-like configuration in which 

one of the II’s at a path -CH2- may be four?d to lie either close to the 

plane of the ring (equatoiial), the other above or below it (axial). 

These labels are part of! a steric rather than topological description, 

but can so;netimcs be referred frozl the absolute configuration. 
\ . 

Revision of edpc-numbcrino canons for twin edges. -y------Q -.--x1-.- vy- -- 

(Revision of 2.34) . 

According to 2.34, the edges 6f a vertex group are nuctbercd by 

circuiting the polygon (Kmilton circuit), than the chords as first 

encountered. Hence the numbering and polarity of these examples. 

ff>~ tIpJbl &/ ’ ’ 

2--J&d 
. SC4 

. . 

(2 1 .A (6 iji33 ” (IA4 * 



f 
. ‘,a’ 

ZA-.l,2 L&q?G-l a&&-y, GAL., 

Edges EZ and -3, and ;r/ are twin edges, i.e. , correspond to 2 spzn of 1. 

The elaboration of symetrics is simplified if twin edges are not 
. 

treated as chords, but are brought together in the sequence. Hence w C 

The revision of cdGe order may influence the edge count list, canonical 

orientation of the orthmesh, and node-cmbering in certain situations. For ’ , 
I 

example , ._ 
*.. 

. 

. . 

now becomes in place of 

I 

. 

’ 
; 

\, 
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. . Table 3.1 
. 
. CANONS OF DEKDIUL ORDER (modified from DENDIUL [l]) 

I 
Hierarchy of 1'cctor Valuation in Decreasing Order of Significance ' 

-The DENDRAL-VALUE of'a radical is a vector comprising: 

R-COUNT 
1 

Rings 
Other atom (cxccpt 11) 

COliiPOSITION OF MDICAL 

Rings * , * 

. . Compositj.01~ . CXOPSU:‘; . 
Orthorucsh 

.- 

Vcrte? Group VG -, 
Edgk Count List ECL 

. Vertex Ihdificrs VII ; chirnlity status 
Path raodificrs PN 

Otlicr atoms by atomic nutntcr 

U (unsaturation is counted as a iovcst-valued atom) 1 
.’ 

‘. . -APICAL, RODE 1 : * 
_-. 

. 
. 

. Degree: h'unber of cffcrcnt radicals 
c Composition of .node:ring (by value), 

Affcrent link: (i, :, .) 
c,hlp,qs: 

r ! 
APPENDAXT Fu1DICALS - attached to apical node - - 

vector of radicals in order of ascending* value 
. I 

locarrt list (ring) or chirality (atom) on apical node 

. . . 

I 

-- 

The sequence might be reversed 
. t 

I 

to confori3 to chemists' tiotation which tends to assign hisher-valued 
-sutstituczts to lover-numbered ator.ls, and orders atoms by V~~C~CC 
as vsll 2s atoxjc nuribcr. . 

‘. 
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TABLE 3.410 :’ 1 
.- 

-.-.__ 
/ 

The alternating groups A4 (even) and (odd) 
I . 
I 

. 
I 

even, 
. l 

permutation 

C(O) - 

cycles 

ddd C(l) . 

permutation cycles 

1234 (1) (2) (3) (4) 1243 . (1) (2) (34) 
1342 (1) (234) 1324 (1) (23) C(t) 
1423 (1) (2(J) 1432 (1)(24)(3) ’ 2143 02)(34) 2134 (12) (3) (4) 
3214 (123)(4) 2341 (1234) 

2413 .(1243) 

\. 

2431 1. (124) (3) 
3124 (132)(b) 3142 (1342) 
3412 (13)(24) 3421 (1324) 

i 3241 * (134W) 3213 (13)(2)(4) 
4132 (142)(3) 4123 (1432) 
4213 .(14.3)(2) 4233. (14) (2) (3) 
4321 (14) (23) 4312 (1423) 

! .I * . 
: . - 

- : 

. I 
. . : 

,I .,. /-;. . 
*. , 

-e 

. 

Together, thcsc constitute the symmetric group, ~4, 
. .-. 

! Example: 1234 a 2143 ‘_. 
I . 
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- 

. . 
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f ‘. . . 

Ri*,6-syoi::letr.ics in 1)51\11)R,\L. 

‘file input pr0b1cnl is to "pl'0dUCC ;11 1 iSO::iCl-S of Cl:)!!14 con tnj.ni nz c? t 1.CLi.s t j 

one bcnzcnc I-in:. ” ‘ihc vcrbosc output dis!)l:l;*s the pmgi-m’s lj.sl;ing of . 
the J)crr:nliu tiol; gr*oup and othcl* cll;1l-ncteri.~tic.Ej’ of the I*ini;, Lci'orc listing : 
the isoacrs, Chirality is disrcgnrdcd for this cxmplc (e.g. at $1.2 1. 

* 
. 

.- ..-.. -. - 
_ --.-. 

‘.. ..---. .., “y 
. ..- -__ ---. _.... .-- . . -.----_ .__.- 

k (Ig-j[+:E~S (OUO-J-L;: clfiF:14)) . . ! 
. . (MARCH-& 1963 VERSION) 

C4$pHEN<.J-I 1 4 . 

(RING J(:PHEN::: COi4POSI’~ION C CU l 40 1 CC . 6.11 VALENCE ( 1. 1. 1. 1. 1. 
1.) SYmIE1’RIES ((2. 3. 4. 5. 6. 1.1 c3. 4. 5. 6. 1. 2.). (4. 5. 6. 1. 2 
l 3.) (5. 6. 1. 2. 3. 4.) C6. 1. 2. 3. 40 5.) (6. 5. 4.0 3. 2. 1.) (5. 
& 3. 2. 1:6.) (4. 3. 2. I. 6. 5.1 (3. 2. I. 6. 5. 4.) (2. 1. 6. 5. 4 
. 3.) (1. 6. 5. 4. 3. 2.)) UNIOUE-NODES (1.)) . 

MOLECULES NO DOUBLE BOND EOUiVS 
1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13* 

b 14.. 
15. 
16. 

c 17. 
18. 
19. 
20. 
21. 
22. v 

DONE 
- 

. 

6. 

. 

CH2. l C2H5 CH2. (*PHEN:Z 1 . )H5 s r/e 

CH2.. C2H5 CePl!EN* 1 e 2. )H4.C!-13 , 
CH2. l C2H5 ( <:Pj-fEI\! s; 1. 3. )!14.CH3 > 
CH2.0 C2H5 CGPHEN?: 1. 4. )I-!r;.CH3 , L/ 
(*pt(rN:: 1. 2. )H4.. C2E5 C21i5 , 
(ePt{EN:r: 1. 3. )H4.. C2H5 C2H5 > & . 
< S:PHEN>:: 1 . 4.lH4.. C2H5 C2H5 D . 
CH .** CH3 CH3 CH2. (hyphens 1. )H5 , 0 
Cl-r.. . CH3 cl-13 . (GPHENs 1. 2. IH4.CH3 > L.’ 
CH.. . CH3 CH3 C*l’HEPJ:: 1. 3. )H4.Cf:3 , :/ 
CU... CH3 CH3 (*:PiIEId:!: 1. 4. )I{/i.C)(3 , ;-’ 
CH . . . CH3 C*PtlEE!::r I . >H5 C2H5 9 
(JzPHEN::: 1. 2. 3. >h’3... CH3 CH3 C2H5 t ,’ 
(*PHEE\!e 1. 2. 4. )H3.. . CH3 CH3 C2H5 > r-j’ 
(X;PHEh’+ 1. 3. 2.1x3.. . CH3 CH3 C2H5 9 Y- 
(*PHENs 1. 3. 4. )H3.. . CH3 CH3 C2ti5 s s.’ 
<*‘PHEI’!* 1. 3. 5. )ti3... CH3 CH3 C2H5 t i 
(*PHENe 1. 4. 2. )H3e . . cl-i3 CH3 C2H.5 > J 
C . . . . CH3 CH3 - CH3 (CPHEN* 1. )H5 , 
(*PHEI\J~> 1 . 2. 3. 4.)H2.... CH3 CH3 CH3- CH3 > -. 
<*PHENs 1. 2. 3. 5.)H2 . . . . CH3 CW3 CH3- CH3 > i- 
C*PHEN% 1. 2. 4* S.)H2.... CH3 CH3 CH3 CH3,, .. 

.L_ . -.._._ . . . 

. 
. 

. . 

. . 

. 
. 

. 

*a . 
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, 

. ..... - .. _  ...... . _  -. 
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. . 



numbering details then become: 

V&: No heteroatom substitutions; the chirality vector is given by: 

. vl.... 
H 1 8 2 

(1) 
v4..=4 5 6 , 

v2 . . ..H 1 2 3 (0) v5 . . ..H 5 6 7% (100300) 
v3 . . ..H 3 4 9 (0) v6 . . ..H 7 8 9 (0) 

(3) at v4 refers to the abrogation of chirality at a double-bonded vertex. 
I 

PLM: No heteroatoms, but a double bond a: (~4,s). 

-The complete ring is then (xl = nor- fS5-androstene) 

(xl ( 6ACA (0,3,0,2,0,4,0,2,0)) (100300) (U ( (v4,5)) ) . 
-----orthomesh------------ --Jr+--- -----PL&----- 

.VG ECL 
: 

, -------------- 

In the whole molecule, the canonical center is at? and we have: 

c f-t3 

- 
.C3H6,CH..CH3 CH3 CH..CH3 xl(l,vl,v5,7)...CH3 CH3 OH 

I8 II IL. 

We have still to consider the chirality at xl(l) and / x1(7),> These prove to be 

giving the completed formula: 
I 

.C3H6.CH,.CH3 CH3 

CH+.CH3 X1(1+,~1,~5,7-)...CH3 CH3 OH 
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. . 

. 



a - : 

Correstions (see 3.236 . 

3.221 The vector for ECL of becomes 

. (0,4,1,0,4,1) 

- . 

(5,0,0,4,3) 
. 4 

3..240 renumber to 3.3 

The paragraph immediately preceding this s!lould be numbered 3.2456 

( L( O, ,O, 

new numbering 
-. 

. 

DY, cc*% ati --A& ifI- ,, i’ 

. 

..- 
i 

. - 
, 

I r 

corregponding change in 
permutation table. 
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